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Heat exchanger having a vacuum txabe 

Prior art 

The invention relates to a heat exchanger having a 
5 vacuum tube with an outer wall, and having an inner 
tube which holds a fluid and whose outer wall is 
arranged concentrically to the outer wall of the vacuum 
tube . 

10 The heat exchanger having a vacuum tube is today the 
most important component for converting solar energy 
into heat energy in solar heating technology. 

Such a heat exchanger is known, for example, from 
15 US 4, 186, 724. The inner tube for holding the fluid is 
composed of two concentric tubes in which the fluid can 
flow in the counter-current mode. This inner tube is 
surrounded by an insulation space which is bounded at a 
distance from the fluid by the inner wall of the vacuum 
20 tube. The inner wall and the outer wall of the vacuum 
tube are arranged concentrically and form in cross 
section a ring, under a partial vacuum, around the 
inner tube. 

25 US 4,307,712 discloses a further heat exchanger of this 
kind, in which the inner tube is connected, as far as 
possible in an integral fashion, to transverse ribs in 
order to conduct heat better. 

30 In the known heat exchangers, various reflection 
surfaces are inserted or various elements are 
blackened. The pipes of the fluid-conducting system are 
usually composed of a material which is a good 
conductor of heat. However, no elements are known which 

35 are provided for a good transfer of heat from such 
reflection surfaces to the fluid-conducting pipe 
system. The ribs which are known from US 4, 307, 712 are 
complicated to connect to the fluid-conducting pipe 
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system and do not have any connection to the partial 
vacuum tubes. 

Summary of the invention 
5 Taking this prior art as a starting point, the 
invention is based on the object of configuring a heat 
exchanger of the type mentioned at the beginning in 
such a way that the transfer of heat to the 
fluid-conducting system is increased. 

10 

A further objective of the invention is to avoid 
adverse ageing phenomena owing to oxidation effects, 
for example owing to the use of different (for example 
metal) materials in the individual tube systems, or 
15 condensation phenomena. 

This object is achieved according to the invention with 
the features of claim 1. 

20 A heat exchanger according to the invention has a 
vacuum tube with an outer wall. A heat-conducting fluid 
can be filled into an inner tube of the heat exchanger. 
The outer wall of the inner tube is arranged 
concentrically to a wall of the vacuum tube. In this 

25 context, at least one heat-conducting film is provided 
which connects the aforesaid wall of the vacuum tube to 
the fluid-conducting pipe system. This at least one 
heat-conducting element presses in each case with 
prestress against the aforesaid wall of the vacuum tube 

30 and against the fluid-conducting pipe system. 

The term vacuum tube is understood to mean an elongate 
volume system which can be placed under a partial 
vacuum in the operating state. The tubes can also in 
35 particular be cornered or polygonal. 

Since a film which is a good conductor of heat and 
which extends in a helical shape in cross section 
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connects the outer vacuum space, at which in particular 
the means which collect and concentrate solar energy is 
provided, to the fluid-conducting pipe system, a 
surprisingly simple embodiment is specified. 

5 

Further advantageous refinements are characterized in 
the subclaims. 

Brief description of the drawings 
10 The invention will now be described in more detail by 
way of example using . an exemplary embodiment and with 
reference to the appended drawings in which: 
figure 1 shows a cross section through a heat 

exchanger according to one exemplary 
15 embodiment of the invention, 

figure 2 shows a longitudinal section along the line 

II-II in figure 1, 
figure 3 shows a schematic illustration of a plurality 

of heat exchangers according to the 
20 invention, 

figure 4 shows a cross section through a heat 

exchanger according to a further exemplary 

embodiment of the invention, 
figure 5 shows a cross section through a heat 
25 exchanger according to yet another exemplary 

embodiment of the invention, and 
figure 6 shows a partial longitudinal section and side 

view of the heat exchanger according to 

figure 5. 

30 

Detailed description of exemplary embodiments 
Figure 1 shows a cross section through a heat exchanger 
according to one exemplary embodiment of the invention. 
The heat exchanger comprises a vacuum tube which is 
35 composed of two glass tubes 3 and 6 which are pushed 
one into the other and whose ends can be melted to one 
another on one side as in a thermos flask. The glass 
tubes 3 and 6 are each represented as circles composed 
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of double dashes. In the gap 4 between the glass tubes 
3 and 6 which extend concentrically to one another 
there is permanently a partial vacuum, in particular 
the pressure is advantageously less than 0.1 Pa, or in 
5 other words 0.1 microbar. The partial vacuum in gap 4 
prevents in particular heat absorbed from the sun from 
being emitted again to the outside through convection. 

The solar collector is usually composed of a plurality 
10 of heat exchangers which are arranged in parallel 
and/or in series, the distributor /collector 11 
illustrated in figure 3 and the carrier frame 15 with 
the external reflector (not illustrated in the 
drawings) . In the illustrated exemplary embodiment 
15 here, the heat exchanger comprises a forward flow pipe 
7, a return flow pipe 8 and the spiral-shaped 
heat-conducting baffle 9. The heat-conducting baffle 9 
is, as can be seen in figure 3, permanently connected 
to the return flow pipe 8 in the region 10. In the 
20 "N"-th solar collector in figure 3, the heat-conducting 
baffle 9 can be seen in an attachment region 10 on the 
return flow pipe 8. 

The forward flow pipe 7 with the centric volume 17 
25 conducts a relatively cold thermal carrier fluid. The 
return flow pipe 8, which is continuously connected to 
the collector/distributor 11, conducts heated thermal 
carrier fluid in the volume 18 which is annular in 
cross section. The distributor/collector 11 distributes 
30 and connects a plurality of sections of forward flow 
pipes 7 and return flow pipes 8 to the associated 
heat-conducting baffles 9 and vacuum tubes 3 and 6 in a 
hydraulic fashion according to "Tichelmann" . The 
principle temperature profiles in the fluid volumes 17 
35 and 18, that is to say warmer on the outside and colder 
on the inside and/or counter-current mode can also be 
set in an inverted fashion, that is to say colder on 
the outside and/or co-current mode. The fluid volume 
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which is collected from the N collectors then leaves 
the collector housing 14 with the insulation at the 
collector output 13 after it has been individually 
combined with the reflectors from the carrier frames 
5 15. 

An absorber 5 is applied over the entire surface of the 
inner vacuum pipe 6, for example as a layer which is 
applied metallically. When there is a very good vacuum, 

10 like the pressures mentioned above in the microbar 
range, stagnation temperatures of more than 
340 degrees Celsius are produced. The absorber can then 
be, in particular, metal oxide layers which are applied 
with plasma technology. When the vacuum is smaller, in 

15 which case only relatively low temperatures occur at 
the absorber 5, the absorber can be aluminum-coated 
paper, aluminized polyester materials, such as the 
material which is available from Dupont with the trade 
name "Mylar" or other absorber materials 5 which are 

20 arranged in this partial vacuum region (vacuum) of the 
gap 4. The, for example, solar thermal energy which is 
absorbed there is transmitted to the spiral-shaped 
heat-conducting baffle 9 through the glass of the inner 
pipe 6. This absorber layer 5 can also be applied to 

25 the inside of the pipe 6 and/or integrated in the 
spiral-shaped heat-conducting baffle. 

The heat-conducting baffle 9 is a rectangular baffle 
which is preferably attached, for example 

30 hard-soldered, in the region 10 to the pipe 8. It is 
then rolled around the pipe 8 with prestress before 
they are both pushed together into the double pipe 3, 6 
of the vacuum tube and fill the intermediate space 19. 
The prestress of the baffle presses it against the 

35 inner wall of the pipe 6 and causes it to rest on this 
inner wall over a certain range, for example 90 degrees 
or a quarter circle. A smaller area, but also in 
particular a larger area than this can be selected- 
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The baffle 9 bears against the inner glass surface over 
the largest possible angular range, for example over 
more than 355 degrees, preferably almost 360 degrees, 
5 for example 359 degrees, which is advantageous and 
avoids the undesired formation of condensate. 

The heat-conducting baffle 9 which is thus 
spiral-shaped in cross section is pressed by its own 
10 spring force in a firm and surface-covering fashion 
over the entire glass surface of the pipe 6 so that 
optimum transmission of heat is achieved. 

With this solution, the invention not only permits 
15 ideal conduction of heat - but also by virtue of the 
homogeneous surface pressure against the inside of the 
vacuum inner tube 6 prevents cold bridges, and 
particularly very largely prevents the formation of 
condensation water which cause thick oxidation layers 
20 in systems according to the prior art, which in turn 
results in a reduction in the power of the conversion 
of solar energy. 

A disadvantage of fixedly inserted heat-conducting 
25 baffles is the different coefficients of expansion of 
the individual materials (glass, various metals, etc.) 
so that gaps which lead to the aforesaid undesired 
effects are formed between heat-conducting baffles and 
pipes etc. 

30 

This results in a further advantage of the use of the 
heat-conducting baffle 9 in that the thermally-induced 
relative movement of the heat-conducting baffle 9 with 
respect to the adjacent faces ensures desirable 
35 cleaning, for example, of the glass surface of the 
inner pipe 6 and of the baffle face. This is correct in 
the heat-conducting baffle 9 which is attached in the 
region 10, but the heat-conducting baffle 9 can also be 
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inserted in a floating fashion so that it is supported 
both on the inner pipe 6 and on the pipe 8 by means of 
the spring force. The volume 19 between inner pipe 6 
and pipe 8 can, for example, be filled with ambient air 
5 or a protective gas or be under a partial vacuum. 

Figure 4 shows a cross section through a heat exchanger 
according to a further exemplary embodiment of the 
invention. Identical features are characterized in the 

10 figures by respectively identical reference symbols. 
The heat exchanger also comprises here a vacuum tube 
which is composed of two glass tubes 3 and 6 which are 
pushed one into the other. The absorber layer 5 is 
applied to the outside, but there are the same 

15 possibilities as in the exemplary embodiment according 
to figure 1. 

The heat-conducting baffle 2 9 is composed in this 
exemplary embodiment of a plurality of rectangular 

20 baffles, eight baffles 29 here, which have two free 
ends 20 and thus a C shape which is preferably attached 
in the region 10 on the pipe 8. Each baffle 29 is 
inserted with prestress between the pipes 6 and 8 in 
order to fill the intermediate space 19. The 

25 prestressing of each baffle 29 presses it against the 
inner wall of the pipe 6 and causes it to rest on this 
inner wall over a certain range. A range of 
respectively 22.5 degrees is illustrated here. Larger 
or smaller regions than this can however also be 

30 selected. They also depend on the number of baffles 
used. However, the entire inside of the pipe 6 is 
advantageously also covered here. If N heat-conducting 
films 29 are provided, where N>=8, their free ends 20 
can then bear in particular over an angular region of 

35 near to 360/N degrees, with presstress, against the 
aforesaid walls 6, 8. 
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The heat-conducting baffles 29 which are C-shaped in 
cross section are pressed by their own spring force in 
a firm and surface-covering fashion over the entire 
glass surface of the pipe 6 so that optimiiin 
5 transmission of heat is achieved. 

Each heat-conducting baffle 2 9 can be attached on one 
side, for example on the inner pipe 8, but 
alternatively or additionally also on the inner wall of 
10 the pipe 6 so that one free end or both free ends 20 
move with respect to the adjacent faces as a result of 
the thermally induced relative movement of the pipes 6, 
8 and of the heat-conducting baffles 2 9 with respect to 
one another. 

15 

In an exemplary embodiment which is not illustrated in 
the drawings, two spiral-shaped heat-conducting films 9 
are provided which are attached spaced apart from one 
another in an angular range of 180 degrees on the outer 

20 wall of the fluid-conducting pipe system 8 over an 
angular range 10, in particular in each case over an 
angular range of virtually 180 degrees. This results in 
two spirals which extend one inside the other, the 
transmission of heat being improved by the two bearing 

25 faces and the doubled line cross section for the 
conduction of heat. In this way it is also possible for 
three spiral-shaped heat-conducting films 9 to be 
provided over virtually 120 degrees in each case. When 
there are four spiral-shaped heat-conducting films 9, 

30 these are attached to the inner pipe 8 at an angular 
interval of, for example, 90 degrees. The length of the 
free end of each heat-conducting film 9 is, for 
example, such that it extends over, for example, an 
angular range of 540 degrees to 720 degrees, with the 

35 free end bearing on the inside of the pipe 6 or of an 
adjacent heat-conducting film 9. 



wo 2005/088208 



- 9 - 



PCT/CH2005/000155 



Figure 5 shows a cross section through a heat exchanger 
according to yet another exemplary embodiment of the 
invention, and figure 6 shows a longitudinal section 
along the line VI-VI in figure 5. The heat exchanger 
5 also comprises here a vacuum tube which is composed of 
two glass tubes 3 and 6 which are pushed one into the 
other. The absorber layer 5 is applied to the outside 
of glass tube 6. For example ambient air or a 
protective gas can be filled in the volume 19 between 

10 inner pipe 6 and pipe 8 or there can be a partial 
vacuum. The heat-conducting elements 39 of this 
exemplary embodiment are each composed of at least one 
heat-conducting metal rod 31, for example made of 
copper, which is soldered onto the outside of the 

15 return flow pipe 8 or connected in some other way. In 
figure 6 it is apparent that two metal rods 31 which 
are arranged at a distance from one another on a line 
of the pipe casing which extends parallel to the main 
axis of the heat exchanger are associated with each 

20 heat-conducting element 39. In each case a hollow 
sleeve 32 is fitted onto these metal rods 31 which are 
preferably composed of solid material, said sleeve 32 
being preferably composed of the same material or 
having the same coefficient of thermal expansion. The 

25 sleeves 32 are attached at their end which respectively 
faces the rod 31 to a heat-conducting baffle 33, for 
example soldered to it. In the assembled state of the 
heat exchanger the heat-conducting baffle 33 bears 
against the inner wall of the pipe 6, and the heat- 

30 conducting baffle 33 is advantageously not pre-bent so 
that it presses in a sprung fashion against the wall 6. 
The spring effect is transmitted by the, in this case, 
two sleeves 32 by virtue of the fact that a spring 
element 34, for example a compression spring, is 

35 arranged in each sleeve 33, said compression spring 
being supported at one end on the heat-conducting 
baffle 33 and at the other end pressing against the tip 
of the rod 31. As a result, the heat-conducting baffle 
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33 is held securely in* close contact with the wall 6, 
good conduction of heat into the pipe 8 being ensured 
by means of the connection through the sprung rod 31 
and sleeve 32. 

5 

In the illustrated exemplary embodiment, in each case 
four rods 31 are attached to the pipe 8 at an angular 
interval of 90 degrees about the main axis of the heat 
exchanger at two locations along the aforesaid 

10 longitudinal axis. Four heat-conducting baffles 33 are 
then provided and the sleeves 32 are attached thereto 
at corresponding locations. The dimensions of the 
heat-conducting baffles 33 are such that after the 
insertion into the pipe 6 they fit snugly against 

15 almost the entire inner casing of the pipe 6, in other 
words the four heat-conducting baffles 33 take up an 
angular range of somewhat less than 90 degrees 
(=360/4 degrees) . In order to carry out assembly, in 
each case the springs 34 are plugged into the sleeves, 

20 and the unit composed of the sleeve 32 and heat- 
conducting baffle 33 is plugged on and pressed in so 
that the pipe 6 can be pushed over the heat-conducting 
baffles 33 in the direction of the longitudinal axis. 
In this case, the inner pipes 7 and 8 are preferably 

25 secured over a longitudinal conical spring 35 which is 
supported at the longitudinal end of the pipe 6 and in 
a corresponding end depression in the pipe 8. 

In the exemplary embodiment illustrated, the associated 
30 rods 31 are each arranged in the same longitudinal 
position along the pipe system 8. In other exemplary 
embodiments, these rods 31 can also be provided at 
different longitudinal distances from one another. 

35 The rods 31 can also be attached to the heat-conducting 
baffle 33, and the sleeves 32 can be attached to the 
pipe system 8 . 
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Instead of two times four attachment points 31, 32 and 
34 and associated four heat-conducting baffles 33, 
three or four times four attachment points can also be 
provided. On the other hand, it is also possible to 
5 provide two or three heat-conducting baffles 33, each 
with two, three or more attachment points. More than 
four heat-conducting baffles 33 are generally not 
necessary for the purpose of conducting heat or making 
the heat exchanger stable. 

10 

In an exemplary embodiment which is not illustrated in 
the drawings, each individual rod 31 - sleeve 32 
connection with inserted spring element 34 can also be 
replaced by a single spring element in each case, which 

15 spring element is attached at one end to the pipe 8 and 
at the other end to the heat-conducting baffle 33. This 
spring element then observed the function of all three 
elements of an attachment point 31, 32, 34. The 
premounting is simply more complicated than in the 

20 exemplary embodiment illustrated in figures 5 and 6 
since here when assembly is carried out the spring 
elements must first be attached without them losing 
their elasticity. 

25 The pipes 3 and 6 can in particular be composed of 
glass. The inner pipes 7 and 8 can be composed of 
metal, in particular copper, brass, aluminum or inox, 
the sequence indicating the technically most 
advantageous. Metals which are preferably good 

30 conductors of heat are selected for these pipes 7, 8. 
The heat-conducting baffle 9 or 29 is composed of a 
material which is a good conductor of heat, in 
particular of a metal such as copper, brass, aluminum 
or suitable types of inox or soft sheet titanium. 
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List 


of reference numerals: 


3 


Glass tube 


4 


Gap 


5 


Absorber layer 


6 


Glass tube 


7 


Forward flow pipe 


8 


Return flow pipe 


9 


Heat-conducting baffle 


10 


Angular range 


11 


Distributor frame 


13 


Collector output 


14 


Collector housing 


15 


Carrier frame 


17 


Fluid volume 


18 


Fluid volume 


19 


Intermediate space 


20 


Free end 


29 


Heat—conducting baffle 


31 


Metal rod 


32 


Sleeve 


33 


Heat-conducting baffle 


34 


Spring element 


35 


Conical spring 


39 


Heat-conducting element 
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